This study uses quantitative method to examine whether or not a social constructivist theory-driven pedagogical model integrated with weblogs is associated with improved critical thinking skills. Forty secondary two students at the age of 13 completed a series of extra-curricular activities designed according to a proposed model within ten months. Half of these students came from high ability class while the other from general ability one. The learning tasks of a topic included practice on thinking skills, written essay on a social issue, and visit to an expert or fieldtrip relevant to the learning topic as well as reflection on the learning experiences. One group of these students submitted their writing tasks in paper form (Paper Group) while the other in weblog entries. (Weblog Group). They also completed a pre-test and a post-test of the Critical Thinking TestLevel 1 (CTT-1) prior to and upon completion of all learning activities, respectively. The analysis revealed that both groups demonstrated gains in Critical Thinking scores in the post-test. Moreover, a significant gain was observed in the Weblog group as well as in the class of general ability. No significant gender difference was detected. This study was also supplemented with qualitative data to solicit opinions from teachers who assisted in the implementation of the project. Suggestions for improvement were also made at the end.
Introduction
Contemporary educational standards place great emphasis on empowering students to live in and to cope with the fast changing world. The guiding principles include teaching students how to manage their own learning processes, catering to students' needs and interests, and nurturing them into independent learners and critical thinkers who can make wise judgements and solve problems in this highly competitive and information-rich society (Martin, 2003) . Hence, developing students' critical thinking skills is as important as helping them master knowledge on different content areas in education as perceived by most government leaders across the world. To achieve this goal, traditional knowledge-focused and teacher-directed modes of education are criticized to be ineffective, thereby necessitating a paradigm shift to a more competency-based and student-centred approach of learning (CDC, 2001) . The new learning approach should place emphasis on students' active involvement in an authentic situation as well as their responsibility to articulate their understanding of and thoughts about their learning experiences. Such an approach should also facilitate the development of critical thinking skills like comparing, classifying, inducing, making deductions, analyzing errors, constructing support, and abstraction (Marzano, 1992) . It is a widespread belief that Information and Communication Technologies (ICTs) have a major role to play in promoting such paradigm shift and facilitating the new learning approach (Campoy, 1992) . There is also evidence of positive impact on students' attainment in subjects as well as attitudes and cognitive skills in learning with the use of ICTs (Balanskat, Blamire & Kefala, 2006; Jonassen, 1996) . In this regard, the Government of Hong Kong Special Administrative Region has documented the above vision concerning the use of ICTs for empowering learning in relevant policy papers (EMB, 1998; EMB, 2004; EDB, 2008) . During the last decade, a great deal of resources has already been allotted for the implementation of the aforesaid policy documents. Some evaluation studies have also been conducted to examine the effectiveness and progress of the use of ICTs in education. The latest findings of these studies show that there is a great improvement in the provision of ICTs infrastructure and computing facilities in Hong Kong. Today, the average student to computer ratio is 6:1. All the schools are equipped with broadband connection to the Internet and an average of 74% of them has an additional school wireless network. The findings also revealed an increased use of computing technologies in learning and teaching activities. However, such use is usually confined to teachers' presentation in the class and students' access to prescribed digital resources or information about the learning of subject knowledge. The use of ICT as a tool to develop students' critical thinking skills in student-centred activities is still uncommon (EDB, 2007a; IEA, 2006) . It was also reported in another similar study that our students had demonstrated a relatively weak level of higher-order thinking skills while their Information Literacy competence was assessed (EDB, 2007b) . The findings of the above studies showed that the ultimate vision laid down in those policy documents has not been achieved yet. Hence, the goal of this research is to develop a pedagogy model with empirical evidence to show how ICTs (especially weblog) can be used to enhance critical thinking skills in student-centred learning activities. The result of this study will serve as an exemplar for the school teachers and will also enrich the pedagogical knowledge on teaching with ICTs.
In a student-centred learning process, greater students' participation and independence are required. However, students may encounter problems and difficulties during the learning process due to their lack of relevant skills and past knowledge. Hence, teacher's role to provide guidance, resources, and support to the students during such learning process is deemed an important factor to students' positive learning outcomes. Moreover, the advancement of Web-based technologies as demonstrated by weblogs in recent times enables a more interactive role of a user as he/she can write essays, respond to others' messages, and share multimedia materials with his/her friends. With this interactive platform, it is anticipated that a weblog can provide stronger scaffolds to learners and thus enhance learning. Therefore, driven by the social constructivist learning theory, a pedagogy model integrating the use of weblogs was developed and tested in this study in order to determine its effect on the development of students' critical thinking skills.
Research Background
The research framework of this study is based on the concept of critical thinking and the social constructivist learning theory. Watson and Glaser (1980) defined a critical thinker as a person who possesses positive attitudes of inquiry, the ability to identify problems, as well as the knowledge and ability to make inferences, abstractions, and generalizations. The American Philosophical Association (1990) characterized a critical thinker as one who can make purposeful and self-regulatory judgements that help him/her to solve problems and decide on what actions are made involving skills in interpretation, analysis, evaluation, inference, explanation, and self-regulation. Facione, Facione, and Giancarlo (1998) described critical thinking skills as competencies in analysis, evaluation, inference, and deduction. For measuring critical thinking skills, Ennis (1987) proposed a Taxonomy of Critical Thinking Skills that includes elementary clarification, basic support, inference, advanced clarification, and strategies and tactics. Based on Ennis's framework, Yip (2003) developed an instrument (see Section 3) in Chinese with five sub-scales: recognition of assumptions, deduction, induction, interpretations, and evaluation of arguments. It aims to test the critical thinking capability of primary 5 to secondary 3 students.
Technology and critical thinking skill
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There have been findings about the favourable effect on learning in which technology-based tools were applied. For example, a review conducted by Santavenere (2003) showed that technology leads to the positive development of higher-order thinking and problem-solving skills and has a positive impact on many areas in learning, including critical thinking skills. Glogoff (2005) , in his study on educational applications of weblogs, revealed their conducive effect on the promotion of interactivity in learner-centred activities as well as the enhancement in students' comprehension of a subject. Meanwhile, in her study, Oravec (2002) concluded that weblogs can be used in classrooms to enhance literacy and critical thinking skills. Similar findings from Richardson's (2004) work also suggested that weblogs have great value in the development of critical thinking skills, writing skills, and information literacy.
Weblog and social constructivist learning theory
Two important characteristics of the social constructivist view of learning are that the learner is an active agent in constructing his/her own knowledge, and that social interaction is important in this process (Brown & Palincsar, 1989) . It also suggests that the learning process is context bound and is dependent on the situation in which the learner is a member (CGTV, 1991) . Hence, knowledge is derived from the context in which the learning takes place, particularly from interaction with others (Greeno, Collins & Resnick, 1996) . Learning is therefore a social activity in which knowledge is actively internalized through conversation and interaction between the learner and a more knowledgeable other (Vygotsky, 1978) . Salomon and Perkins (1998) even extended the concept of social interaction in terms of cultural scaffolding in which the individual learner constructs meaning using cultural artefacts rather than by interacting with other knowledgeable persons. These artefacts may be in the form of information sources such as books, videos, articles, or other resource materials. They may also be technology tools used for handling information and for communication such as calculators and computers.
A weblog is more than a Web page delivering information and links to other Internet sources. It is also a social media that encourages a more interactive role for the Web user. With these features, a weblog is an excellent platform that allows users to read information, express thoughts and feelings, react on others' works, and solicit comments or suggestions from others while solving a problem. Hence, with a structural guidance like the WebQuest model (Dodge, 1997) and the social communication tools in a weblog, it is argued that through the inquiry process assisted by carefully designed tasks, Internet resources, and interaction with others, students can construct knowledge by themselves and develop critical thinking skills more effectively.
The pedagogy model
While the WebQuest model and weblog tools may facilitate the development of critical thinking skills, many studies show that success relies heavily on whether the learners are given the opportunity to practice their cognitive skills to solve problems in an authentic context and if they are given the chance to reflect on these experiences in the learning process (Oravec, 2002; Richardson, 2004; Rozema, 2001 ). Furthermore, research shows that critical thinking skills can be learned through instruction. For example, Cotton (1991) conducted a meta-analysis on 56 studies and concluded that asking higher-order thinking questions and providing reinforcement are effective approaches to promote critical thinking skills. Such a notion also inspires the development of the pedagogy model used in this study. Hence, the major components of this model resemble those in WebQuest including the following: (1) Introduction that creates the context for learning, (2) Task in the form of an essay that requires critical thinking skills, (3) Process in which written guidance and Internet resources are provided, (4) Evaluation that provides clear information of how the learning outcomes are measured, and (5) Conclusion that leads the learners to make critical reflection about the learning (see Figure 1) .
The model in this study differs from WebQuest model in the media that holds the information (i.e. a weblog instead of a Web page) and the Process component. This component consists of three major activities. First is Learn the Thinking Skill, where the students are asked to answer a series of questions designed according to Yip's (2003) framework of critical thinking skills. For example, in a topic "I Love the Blue Sky," one of the thinking tasks is as follows:
Proposition: To reduce air pollution means that we can see the blue sky again. Question: What is the hypothesis about air pollution in the mind of the person who raises this proposition? (see Figure 2) .
Students are encouraged to express their views and discuss among other members in a weblog, after that they can submit their answers either in traditional hardcopy or as a weblog entry. Second, in Explore the Internet Resources, the students are given links to the Internet resources and brief descriptions of these links that are relevant to the task. Finally, in Visit the Relevant Experts, the students are expected to take part in an authentic visit or outdoor activity in which they will have the opportunity to meet with experts relevant to the task. Figure 3 shows the framework of the pedagogy model of this study. All the learning activities are designed according to this model.
Aim and research questions
The aim of this research is to examine the effect of the aforesaid pedagogy model on the development of critical thinking skills among a group of junior secondary school students who participated in a series of student-centred learning activities. It is anticipated that better critical thinking skills are observed among the students who have gone through all the components of the model. It is also expected that higher critical thinking scores are achieved by those students who are assisted by weblog (Weblog Group) compared with those of the other group (Paper Group).
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Hence the following research questions are addressed in this study:
(1) Will there be any changes in the critical thinking skills of the participants who have undergone the learning process informed by the pedagogy model of this study? (2) Will there be any differences in such changes among the participants choosing different learning approaches, coming from different ability classes, and of different genders?
It is argued that the learning strategy is crucial in developing students' critical thinking skills, and thus the development and implementation of a learning strategy that best promotes these skills is an important role of school leaders in the 21st century. With this, the results of this research are expected to help enhance the knowledge of pedagogy on the development of critical thinking skills in the education community.
Methods
At the beginning of this study, a total of 40 secondary two students from two schools were invited to take part in the project on a voluntary basis. The two schools are located in the same geographical area where students mainly come from families of low to middle economic classes. Although these schools were convenient samples, they have similar class structures with students coming from similar family backgrounds. In these schools, class A is reserved for the students with higher academic achievement in schools. In the study, 20 participants came from the high ability class (2A), while the others came from ordinary ability class (2B). Six of them were male and thirty-four were female. Two teachers (one of them is male while the other is female) were also invited to assist in the implementation of the project on a voluntary basis. Their major role was to coordinate and lead the learning activities that were designed by the researcher according to the aforesaid pedagogy model. They also provided assistance in preparing learning materials as well as giving feedback to students' completed tasks.
Given that participation in the learning activities was on voluntary basis, the participants were allowed to choose to submit their writing tasks either in paper form (Paper Group) or in weblog entries (Weblog Group). The students of the Paper Group received instructions from the teachers and were assisted with a study guide. Meanwhile, the students of the Weblog Group also received instructions from the teachers in the class and a study guide, but they were at the same time guided with the use of a weblog. The students from this group had the chance to receive immediate comments on their tasks (the thinking skill questions, essay after visiting relevant experts or fieldtrips and reflection on learning) from the researchers and teachers (see Figure 4) as well as to communicate with other students via the weblog.
Finally, 12 of participants chose the Weblog approach (Weblog Group), while 28 opted for the other (Paper Group) (see Table 1 ). The students participated in a series of six extra-curricular activities within a period of ten months. The topics of each activity were related to controversial social issues. Based on the pedagogy model of this study, the students were required to go through a series of learning tasks including (1) an essay about the topic, (2) an exercise on thinking skills, (3) readings on relevant Internet resources, (4) a visit or a field trip, and (5) a short reflective statement on the learning obtained. They were also given a score on their writing task according to an evaluation rubric that was included in the study guide.
In order to obtain a standard measure of the critical thinking skills among the participants for further analysis, a paper-based Critical Thinking Test -Level 1 (CTT-1) was administered to the participants in the introduction session before the commencement and in the debriefing session after the completion of all learning activities. The instrument is a validated test written in Chinese for primary 5 to secondary 3 students. It contains five sub-scales contributing to the score for critical thinking in five dimensions: recognition of assumptions, deduction, induction, interpretations, and evaluation of arguments. Each sub-scale consists of one example and its explanation and is followed by five multiple choice questions leading to a total of 25 questions in the test. One point is given to each correct choice with reference to a standard answer sheet. The maximum score is 25. The overall reliability of the instrument is 0.76 (Yip, 2003) .
In answering the research questions stated in Section 2, the following null hypotheses were tested using the computer software Statistical Package for Social Sciences (SPSS):
(1) There is no significant difference in the CTT-1 scores before and after the learning activities among the participants. (2) There is no significant difference in the CTT-1 scores after the learning activities among the participants in different learning groups, from different ability classes, and of different genders. (3) There is no interaction between different learning groups and ability classes as well as genders on the CTT-1 scores after the learning activities.
The CTT-1 scores of both the pre-test and post-test were checked with the normality and equality of variances before the inferential testing. The result of the K-S test (D) of normality showed that the CTT-1 scores were not significantly different from a normal distribution for both pre-test and post-test [D (40) = 0.092, p > 0.05 and D (40) = 0.092, p > 0.05, respectively]. The Levene's test (F ) of equality of variances also showed that there was no significant difference in the variances among the data from the students between the two schools [F (1,38) = 3.727, p > 0.05 and F (1,38) = 0.000, p > 0.05 in the pre-test and post-test, respectively]. Given the above findings, Paired Samples T Test was adopted to test the significance of Hypothesis 1, while 2-ways ANOVA was used to test the significance of Hypothesis 2 and 3. The effect sizes (Cohen's d for t-test and Cohen's f for ANOVA) (Kotrlik & Williams, 2003) were also reported to show the magnitude of impact.
Post-project interviews were also conducted to solicit opinions from the teachers regarding the implementation of the project and suggestions for improvement. The following main questions were asked:
(i) What were the main concerns and hurdles in the implementation of the project? (ii) What were the conducive factors that facilitate the implementation of the project?
Results
The following sections present the findings of the inferential tests on the hypotheses and the post-project interviews as stated in Section 3. Table 2 ). The findings indicated that the pedagogy model of this study might have a positive effect on the enhancement of critical thinking skills and that the effect might be more substantial for those participants choosing the weblog approach than the paper one.
Gains in CTT-1 scores by different learning methods
Effect of different learning methods, abilities and gender of the participants on CTT-1 scores
The result of the 2-ways ANOVA showed that at a significant level of 0.05, there were no significant differences in the CTT-1 post-test mean scores among the participants who chose to learn with the weblog or paper approaches [F (1,36) = 3.112, p > 0.05]. However, if the significance level was set at 0.1, the difference became significant with a medium effect [F (1,36) = 3.112, p < 0.1, f = 0.295], and such result became close to the conclusion made in Section 4.1.1. The choice of different learning methods did have a medium effect on critical thinking skill with particular impact from the Weblog group (see Table 3 ). It is also shown from the table that there was no interaction between the two factors (Ability Class and Learning Method) [F (1,36) = 2.222, p > 0.05]. The finding in Table 3 indicates that no significant differences in the CTT-1 post-test mean scores were observed among the participants from different ability classes [F (1,36) = 0.651, p > 0.05]. However, before the implementation of the pedagogy model, a significantly higher mean score in the pre-test was observed among the participants in the high ability class (2A) [F (1,36) 
The study showed that the original class difference in the pre-test mean score (18.7 for 2A and 15.15 for 2B) might have been minimized in the post-test one as a result of the pedagogy model. It might also be concluded that the pedagogy model developed in this study was particularly effective for the general ability class (2B). Such conclusion was also supported by the finding of the Paired Samples T Test on the CTT-1 pre-test and post-test scores in 2B when Ability Class was treated as the testing factor [t (19) = 3.437, p < 0.05, d = 0.726] (see Table 4 ).
The study illustrated that all participants in this study were benefited by the proposed pedagogy model for enhancing critical thinking skills. This positive effect was particularly obvious for the participants who chose the Weblog mode during the learning process. The difference in CTT-1 scores between the high ability and the general ability classes was also reduced as a result of the learning model.
Regarding the effect of gender of the participants on the CTT-1 scores upon completion of the learning project, significant difference was not detected [F (1,36) = 1.034, p > 0.05]. There was no interaction between different genders and learning methods as well [F (1,36) = 0.000, p > 0.05]. 
Opinions from the teachers
When the teachers were asked about the main concerns and hurdles that they had encountered during the implementation of the project in a post-project interview, one of them said that the need of a culture in using text for discussion in a weblog was one of the main concerns in the implementation of the project: "To express ones' idea simply in text form is a new attempt and is difficult for a secondary two student". The other teacher expressed that the lack of background knowledge of the selected topics was the other hurdle for smooth running of the project. She expressed that without the knowledge of a particular issue, students could hardly respond to the questions that demanded high-level thinking skills. Hence, a reading session in the class should have been included before the commencement of other tasks in each learning activity. Despite the above, the teachers did identify some conducive factors that had facilitated the implementation of the project. It was found that students' motivation and interest in the selected topics were increased after taking part in authentic visits or outdoor activities like the Court Visit. The other main factor was the timely feedback and comments made on the work done by the students in each learning activity. Both teachers regarded the above factors as the major incentives to encourage the students to stay along in the project for such a long period of time (10 months). The next successful element goes to the pedagogy model integrated with the use of weblogs as one of the teachers had stated during the interview:
"The weblogs provide clear guidelines and useful resources for informal learning in the form of extra-curricular activities like those in this project. Students could work on the tasks independently at their spare time and reflect on the feedback from the researcher".
However, both teachers expressed that in order to sustain such pedagogy, the support from school principal and the need of a personnel who is an expert in designing the learning activities according to the proposed model as well as financial assistance for conducting outdoor activities are deemed to be important in the long run.
Discussion and Conclusion
Echoing the need for critical thinkers in the workforce of the 21st century, the findings of this study may add value to the existing practice in developing students' critical thinking skills using the latest Internet technology. In this study, an integrated pedagogy model informed by the social constructivist learning theory and the ideas of WebQuest was developed and was proven to be effective in enhancing critical thinking skills, particularly in the Weblog group. Even though the result of this study was positive, apparent limitations that could impede to its normal school settings were observed. First, the students were chosen by convenient sampling method due to the fact that performing true experimental research is hardly feasible under normal circumstance in the classroom settings.
Second, students' participation in the extra-curricular activities and their choice of types of interaction (Paper group and Weblog group) were totally on a voluntary basis in this study. Such condition has also posed difficulty in controlling the equivalence of some independent variables, such as the gender of the participated students and the learning method they adopted in this case. Hence, the result of this study might only be applicable to those students who possessed particular characteristics that are left for further investigation.
Despite the above limitations, the result of this study helps to further validate the findings in similar studies regarding the enhancement of critical thinking skills with the use of technology (e.g. Glogoff, 2005; Oravec, 2002; Richardson, 2004; Santavenere, 2003) . It also has enriched the knowledge base in the integration of technology into learning with an evidence-based pedagogy model in which essential elements were identified: (1) a social constructivist learning theory-driven instructional design that is transformed as a systemic written plan either given in the form of guide sheet or in a weblog to scaffold the learning process, (2) the opportunities to practice and apply thinking skills in learning tasks, as well as to make reflection on their authentic learning experiences, (3) an interactive platform like a weblog to express feelings and thoughts as a form of interaction with other more knowledgeable persons, as well as to search for appropriate resources for problem solving, (4) visits or field trips to obtain first-hand experiences and to meet experts relevant to the chosen topics, and (5) timely and immediate feedback from the facilitator. Furthermore, the overall success of the model depends greatly on the careful design of the tasks and activities, the support and resources for the administration of the weblogs, and the implementation of the plans. Hence, dissemination of the pedagogy model through staff development programmes for the school teachers as well as the school administrators is crucial. It is not until the school administrators who believe the rationale of the design of such learning model, and the school teachers who are willing to change their practice of teaching, that more students will benefit. It is also expected that a culture of blending the use of technologies in learning should be established at the early stage of learning such as during primary education. Providing timely feedback and comments to the students is also important as it allows students to reflect on their learning experiences and to refine their thinking skills. The use of weblogs in this project is believed to be effective in achieving the above vision. Furthermore, the effort made to maintain the students' motivation and desire for participation in the weblog is also a crucial factor for the overall success of the model and it is an important issue that must be addressed in most blogging activities in learning (Downes, 2004) . It is suggested that the incorporation of outdoor activities, provision of feedback on the completed tasks to the students from expert and the construction of a vivid and user-friendly interface in the weblogs are the effective measures to maintain the incentive of the students in participating in relevant learning activities.
